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the level of health (e.g. Kjellstrӧm 2005 ; Yoder 2012; Beaumont and Montgomery 2016). Our knowledge 52 of diets in medieval leprosaria derives mainly from regulation documents of the institutions. The 53 amount and types of foods consumed by the patients of the leprosaria depended on the availability of 54 goods and the economic status of each institution. Richards (1977) and Rawcliffe (2006) present several 55 examples for Scandinavian and English leprosaria respectively. However, evidence of corrupt 56 administration at leprosaria raises doubts about the implementation of the regulations mentioned in 57 the historical texts. For example, according to a document dated to 1492, every morning the patients 58 of the Danish leprosarium at Naestved were provided with porridge, fish and beer, but on meat days 59 with either pork, beef or just cabbage, depending on availability (Richards 1977) . The same document, 60 however, reveals that the leprosy patients lodged a complaint to the king concerning their warden, who 61 withheld their income, a condition that could have further influenced their diet. A similar event occurred 62
at the leprosarium at Hedon in England, when, in 1334, the administrative body proceeded in the 63 reduction of the daily dietary allowances (Rawcliffe 2006) . Examples of corruption are also known from 64 other medieval leprosaria, such as those at Kronoby, Finland and Svendborg, Denmark (Richards 1977 (England) , and revealed that the carbon (δ implied a monastic diet was imposed on the leprosy patients. The present study will conduct an isotopic 77 dietary reconstruction of twenty leprosy patients from the Danish medieval leprosarium at Naestved, 78 that will be compared with dietary information from historical sources. This study hopes to further 79 explore the organisational structure of this leprosarium. 80 81
Materials and methods

82
The samples analysed in this study are from the medieval leprosarium at Aaderup, a suburb of the town 83 of Naestved in Denmark (Figure 1) . The leprosarium was first commemorated in a will that is dated to 84 1261 (Madsen 1990:8) and functioned for almost 300 years until 1542, when it was allocated to the 85 House of the Holy Ghost (Helligåndshuset) in Naestved (Michelsen 1954 , the pubic symphysis (Brooks and Suchey 1990), the sternal rib 92 end (Işcan et al. 1984 ) and the closure of ectocranial sutures (Meindl and Lovejoy 1985) . 93 94
Rib fragments were sampled, since collagen in ribs remodels faster than in any other skeletal element, 95 allowing us to gain dietary information for the last 3 to 5 years of life (Jørkov et al. 2009 ). We do not 96 know how long the sampled individuals had been in the Naestved leprosarium, but sampling ribs 97 maximises the chance of obtaining dietary information for the time of internment. Ribs with 98 pathological lesions were avoided, because the effect of pathological changes on isotope ratios is not 99 sufficiently understood (Katzenberg and Lovell 1999) . The samples were taken from the mid-shaft using 100 a low-speed drill, and the first, second, eleventh and twelfth ribs were not included (Jørkov et al. 2009 isotope data, it is important to have data from a variety of faunal samples from the same period and 167 location. It was not possible, however, to obtain animal bones from the area of the leprosarium. Figure  168 2 depicts the δ In medieval England, as fishing rights in local streams and rivers were a privilege of the aristocracy, 205 freshwater fish were regarded to be an expensive foodstuff (Dyer 1988; Hoffman 1996) . Rawcliffe 206 (2006) , however, mentions the individuals with leprosy from Boughton, England, who owned the right 207 of keeping a boat and fishing in the river Dee. Suså, the longest river in southern Zealand, flows through 208 Naestved and was probably the source of the freshwater fish for the population of the surrounding area. 209
The high cost of freshwater fish is emphasised by the frequency of ponds found in relation to land 210 owned by aristocrats (Dyer 1994; Serjeantson and Woolgar 2006) . Eel, bream, perch, pike, roach and 211 tench were the most common fish consumed by the upper class, and they could be found in both ponds, 212 rivers and streams (Dyer 1988 Yoder (2012) claims that due to the high cost of meat, the lower class probably ate fish more frequently 229 than the upper class. On the contrary, based on historical documents, Dyer (1983) suggests that the 230 upper class was more likely to follow the fasting rules, and therefore consumed larger quantities of fish. 231
Even though the drying and salting of marine fish for preservation was common, Hoffmann (1996) 232 suggests that difficulties of transporting fresh marine fish to the mainland for immediate consumption 233 probably made freshwater fish more desirable even after the expansion of the marine fish trade. 234
Although Naestved´s close proximity to the sea suggests access to marine resources, there is no evidence 235 of significant consumption of marine food in the population from the nearby leprosarium. This has also 236 been noted for other coastal sites, such as the late Anglo-Saxon site in Bishopstone, England, where 237 stable isotope analysis revealed a terrestrial-based diet with only a small input of marine protein 238 (Marsall et al. 2010 ) -here, too, in contrast to the large amount of recovered marine fish bones 239 (Reynolds 2010 Dietary variation in the leprosarium and possible interpretations 300
It has been proposed that medieval leprosy hospitals were monastic institutions, and that the leprosy 301 patients had to follow a monastic life of daily prayers and a uniform diet defined by the fasting rules 302 (Rawcliffe 2001; 2006 show some variation, suggesting a homogeneous diet was not prevalent. Since people from the entire 304 social spectrum were admitted at Danish leprosaria (Dahl 2001) , and due to bone turnover rates, thiscould partially reflect social status variation of the pre-leprosarium period. Nevertheless, it may also 306 indicate a social inequality among the patients of the leprosarium, which could further be related to the 307 organisational structure of the institution. 308 309
In contrast to British leprosaria that depended heavily on endowments, gifts and alms provided by 310 wealthy individuals (Richards 1977; Roberts 1986 ), leprosaria in Scandinavia mainly acquired their 311 income through taxes paid by local communities (Richards 1960) . The dependence of the Danish 312 leprosaria on the taxes paid by the local communities, from which they further had the obligation to 313 receive infected individuals (Ehlers 1898), reveals a direct correlation between leprosaria and the 314 economic state of the communities that supported them. The economic situation of each community, 315 therefore, which might have varied over time, must have had a considerable impact on the organisation 316 of the leprosy institutions, and thus on the diet of the patients. As we do not have precise information 317 on the dating of our samples, the variation we see could simply reflect the changing ability of the local 318 community to support the leprosarium. 319 320
Unlike the main economic source (a tax-collection system) for the leprosaria in Denmark, that could 321 have been independent of religious guidelines for equality and sharing, the religious motives of the 322 benefactors of British leprosaria may have constituted the stimulus for the hospitals to turn to a 323 monastic lifestyle, aiming at attracting more donations. Rawcliffe (2001:250) mentions that punishment 324 with the imposition of strict fasting and public repentance was not only frequent, but also a means by 325 which a leprosy patient would become "a more potent intercessor for benefactors and patrons". 326
However, Rawcliffe (2001:233) also refers to high status patients in British leprosaria, "whose rank 327 merited more solicitous treatment". Nevertheless, the benefits of a higher social status within the 328 leprosy community could have been restricted to differences in the type of accommodation and burial 329 location (cf. Roffey and Tucker 2012), without further encompassing a more varied diet. 330 331 Conclusions 332
The isotopic study of the leprosarium at Naestved has generated a better reconstruction of dietary 333 patterns and behaviours . The δ 13 C and δ
15
N values reveal a diet based dominantly on C3 plants, meat 334 (very likely also eggs and dairy products) and fish for both men and women. However, the contribution 335 of marine proteins to the diet of most of the leprosy patients was limited, and only six individuals had a 336 diet that was significantly enriched by freshwater fish (combination of low δ
13
C values with δ 15 N higher 337 than 12‰). This contradicts the 15 th century historical source that refers to a daily consumption of fish 338 by the patients of the Naestved leprosy hospital (Richards 1977) , something that emphasises the 339 importance of approaching the study of past diets through a combination of different methods. 340
Furthermore, a diet poor in aquatic protein raises questions regarding the adherence to the fasting 341 rules, and consequently to the monastic nature of the hospital. Finally, the diet of the patients was 342 similar to that consumed by the non-leprous individuals from surrounding areas to the institution, 343 especially to the diet of the peasant group from Øm Kloster, as well as to the diet of leprous individuals 344 from other leprous and non-leprous contexts. 345 346
This study highlights the importance and value of stable isotope analysis in understanding diet in ancient 347 hospitals and leprosaria. It is however, a pilot study and the number of analysed skeletons is rather 348
small. An expansion of the research, with the inclusion of individuals from additional Danish medieval 349 leprosaria, would provide a more complete picture of medieval diets in the region, including our 350 knowledge and understanding of the organisational structure of such institutions. 
